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Abstract: Cyanobacteria are the ancient gram-negative prokaryotic organisms having a wide range of forms
ranging from unicellular to filamentous forms. They are oxygenic photosynthetic microorganisms having
cosmopolitan distribution in almost all aquatic, terrestrial habitats and even in extreme ecosystems (e.g., hot and
cold deserts, hydrothermal vents, hypersaline environments and rocks) due to their tremendous adaptability to
varying environmental conditions. Extracellular Polymeric Substances (EPS) are the extracellular mucilaginous
substances produced by members of cyanobacteria. Production of EPS is widely known in cyanobacteria and
protect the cyanobacterial cells from various stresses such as desiccation and UV-radiation. This review
discusses about cyanobacterial EPS and its role in biodeterioration of monuments and temples.

Keywords: Extracellular Polymeric Substances ¢ biodeterioration.

Introduction associated with cell surface as Capsular
Cyanobacteria (Blue-green algae) are an Polysaccharides (CPS) and other
evolutionary ancient group of gram-negative, polysaccharides released into the surrounding
prokaryotic, oxygenic photosynthetic microbes environment as Released Polysaccharides
inhabiting a wide range of habitats including (RPS). The capsular polysaccharides (CPS)
extreme environments such as cold and hot may be referred to as capsule, sheath or slime
deserts, dry rocks, stone-built structures, depending on their thickness, consistency and
hypersaline environments etc. They are appearance (De Phillipis and Vincenzini,
equipped with a number of adaptive features 1998, 2003; Potts, 2004; Kumar et al., 2018).
and  protection  mechanisms. Mostly Sheath is a thin and dense layer loosely
cyanobacterial cells and filaments are surrounding the cells or cell groups and can be
surrounded by a mucilaginous matrix which is seen microscopically without staining. The
known as Extracellular Polymeric Substances capsule generally consists of thick and slimy
(EPS). Chemically, majority of EPS s layer tightly associated with the cell surface
polysaccharidic in nature, composed of with sharp outlines reflecting shape of the cell.
various homopolysaccharides and The slime refers to the dispersed mucilaginous
heteropolysaccharides. material around the organisms without
Extracellular Polymeric Substances (EPS) are reflecting shape. The EPS of cyanobacteria
the natural polymer of high molecular weight have always remained the substance of
compounds, produced by various attraction due to industrial significance as/in
microorganisms, which are synonymously food additives, food thickeners, cosmetics, soil
called as Exopolysaccharides. Cyanobacterial stabilizers and bioremediation of pollutants.
EPS can be categorised into two types- one EPS have several roles ranging from structural
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roles (composition of biofilm matrix) to the
functional  roles  (cell-cell  interaction,
protective roles in desiccating environment,
defence roles, site receptor for phage and
bacteriocin etc). Production of EPS and other
peculiar features make cyanobacteria the key
organisms in process of formation of biofilms
on lithic substrata (Stal, 2000).

EPS maintain the structural and functional
integrity of the microbial biofilms (Flemming
et al., 2000). Ten monosaccharides have been

reported in cyanobacterial EPS, including
hexoses (glucose, galactose, mannose),
pentoses  (ribose,  xylose,  arabinose),

deoxyhexoses (fucose, rhamnose), and acid
hexoses (glucuronic acid and galactouronic
acid) (De Philippis and Vincenzini, 1998).
EPS ecither remain attached to the cell’s outer
surface or secreted outside the cell. EPS
constitute 50 to 90% of a biofilm’s total
organic matter (Flemming et al., 2000;
Donlan, 2002; Donlan and Costerton, 2002).
Several factors are known to influence the
composition of EPS such as, species,
substratum  type, nutrient  availability,
temperature, pH, light intensity (Cheah and
Chan, 2021).

This review focusses on the EPS produced by
the rock-dwelling cyanobacteria growing on
the natural rocks and man-made buildings and
their effects in the deterioration of the temples
and monuments.

Occurrence of cyanobacteria on Temples
and Monuments

Cyanobacteria in association with other
microbes (e.g., green algae, bacteria, fungi,
lichen) have been reported on temples,
monuments and ancient buildings in India as
well as in other countries by several
researchers (Bidel, 1999; Crispim and
Gaylarde, 2005; Crispim et al., 2003; Crispim
et al., 2006; Pandey, 2011; Adhikary, 2000;
Mandal and Rath, 2012; Bhavani et al., 2013;
Samad and Adhikary, 2008; Tripathi et al.,
1999; Pradhan et al., 2018). A good number of
cyanobacterial genera and species have been
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reported as epilithic organisms growing and
surviving on exposed surfaces of stone-built
monuments and temples. The rock-inhabiting
organisms occurring on or within the rocks are
called as lithobionts, lithobiontic or lithophytic
organisms. They are classified into various
groups based on the location where they live.
Organisms that grow attached to the external
surfaces of rocks are known as 'epiliths' or
'epilithobionts’, and those that grow inside
rocks are known as ‘endoliths.' The presence of
hygroscopic extracellular polymeric substance
(EPS) has been shown to be involved in
adhesion of cyanobacterial cells to the lithic
surfaces and biofilm formation (Cecchi et al.,
2000; Warscheid and Braams, 2000; Decho et
al., 1990). EPS exert pressure during volume
changes due to hydration and dehydration
cycles and act as possible factor in rock
weathering (Jaag, 1945; Friedmann, 1971,
Golubic, 1973; Anagnostidis et al., 1983).
Also, the role of epilithic cyanobacteria in the
dissolution of calcium carbonate in nature
should not be ignored (Viles et al., 1987).
Bioreceptivity, the ability of a particular
substratum to be colonized by organisms, of
rock and building surfaces depends on
surface  condition,  roughness,  mineral
composition, porosity, and permeability
(Guilitte and Dressen, 1995; Gaylarde et al.,
2003).

EPS production as a metabolic strategy
against environmental stresses

The rock-inhabiting cyanobacteria  (lithic
cyanobacteria or lithobiontic cyanobacteria)
face a range of environmental stresses on
exposed surfaces of rocks, such as high
intensity of solar radiation, high temperature,
desiccation,  oxidative  stress,  nutrient
unavailability etc. Against desiccation stress,
EPS plays important role in providing suitable
microenvironment by acting as a
water/moisture  reservoir.  Cyanobacteria-
dominated biofilms, which are also called
crusts or patina, cause unpleasant discoloration
of the surfaces of monuments and temples due

WoS Indexing


https://doi.org/10.51220/jmr.v18i2.19
http://jmr.sharadpauri.org/
https://mjl.clarivate.com/search-results?issn=0974-3030

J. Mountain Res. P-ISSN: 0974-3030, E-ISSN: 2582-5011
Vol. 18(2), (2023), 173-180

to the photosynthetic pigments and other
metabolic products.

Many microorganisms produce large amounts
of exopolysaccharides (De Philippis and
Vincenzini, 1998). Excess carbon availability
and deficiencies in nitrogen, potassium, and
phosphate lead to high production of EPS
(Sutherland, 2001). The hygroscopic nature of
EPS contributes to the desiccation tolerance of
microorganisms. EPS forms a hydrated
boundary between a microbial cell and its
surrounding environment (De Philippis and
Vincenzini, 1998).

EPS plays both structural and functional roles
in cyanobacteria such as maintenance of
colony structure, biofilm formation, surface
adhesion and colonization, and protection of
cells from various types of stresses which
include dehydration (Potts, 1994; Potts, 1999;
Tamaru et al., 2005), freezing (Knowles and
Castenholz, 2008; Tamaru et al., 2005) and
UV radiation (Adhikary and Sahu, 1998;
Garcia-Pichel and Castenholz, 1991). In aero-

terrestrial lithic  habitats, lithobiontic
cyanobacteria are subjected to repeated cycles
of drying and rewetting. Due to its

hygroscopic nature, EPS can absorb and retain
water, creating a moist microenvironment
around cyanobacterial cells necessary for
drought tolerance (Rossi and De Phillipis,
2015). Many studies have reported the
presence of the UV-absorbing pigment
scytonemin  within ~ the  envelope  of
cyanobacteria (Keshari and Adhikary, 2013;
Adhikary and Sahu, 1998; Garcia-Pichel and
Castenholz, 1991). Cyanobacterial EPS are
anionic (negatively charged) due to the
presence of sulphate groups, glucuronic acid,
and galacturonic acid. Due to its anionic
nature, EPS has an affinity for cations
(positively charged ions) such as Ca*?, Mg*,
Fe*? and various metal ions (Rossi et al., 2012;
De Philippis and Vincenzini, 2003).

Effects of cyanobacterial EPS on lithic
substrata of Monuments and Temples
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As shown in the Fig. 1, EPS play structural
and protective role in cyanobacteria and cause
deteriorating effects on lithic substrata.
Microbial-induced biological weathering or
biodeterioration of stone-built structures is a
complex process in  which different
microorganisms interact with stone and
building materials and the environment.
Various studies conducted around the world
have revealed the role of lithobiontic
cyanobacteria in the biodeterioration of
monuments and historic buildings (Crispim et
al., 2003; Crispim et al., 2004; Crispim and
Gaylarde, 2005; Gaylarde and Gaylarde, 1999;
Gaylarde et al., 2007; Gaylarde et al., 2012;
Gaylarde and Morton, 1999; Gaylarde, 2020;
Ortega-Morales et al., 2000; Macedo et al.,
2009; Kovacik, 2000; Adhikary and Kovacik,
2010; Samad and Adhikary, 2008). John(1988)
made literature review focusing on the algae
and cyanobacteria that grow on monuments
and buildings worldwide and the factors
promoting their establishment and growth.

These include various stone monuments,
buildings, architectural structures and artifacts
such as cathedrals, chapels, churches,
monasteries, mosques, temples, palaces,
pyramids, historic buildings, statues and
tombs.
Cyanobacterial EPS
‘ Role in Cyanobacteria ‘ ‘ Effects on Lil‘llic substrata
Biofilm/crust formation on
Desiccation tolerance 4{ Suh:“am 1

Increase i sarvival

capacity in natural

‘Weakening of substrata due to
increased water retention

environm ent

Adhesion of cells to the
substratum

Water storage

Wealkening of substata by
loosening/removal of rock

minera 1

4{

Exertion of mechanical
compound Scytonemin pressure due to drying and
wetting cvcle
ell aggregation and
colony formation

Promotion of growth of
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Figure 1. Role of EPS in survival of
cyanobacteria on rock (lithic) substrata and its
effects on lithic substrata
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The EPS of cyanobacteria- dominated biofilms
formed on the exposed surfaces of stone
monuments and temples readily absorb the
available water. The absorbed water is not lost
by evaporation as rapidly as it would from
rock surfaces without biofilms. Retained water
may accelerate aqueous chemical reactions,
causing weathering and degradation of stone
(Gorbushina, 2007). Water and moisture
weaken rocks/stones and affect various
mechanical ~ properties  (Hawkins  and
McConnell,1992; Vésarhelyi and Van, 2006;
Erguler and Ulusay, 2009). Water causes
hydrolysis of silicate minerals, dissolution of
carbonates and the formation of gypsum crusts
(Hall et al., 2011). Additionally, the biofilms
formed as a result of EPS have lower thermal
conductivity than stone, which can lead to
uneven heat transfer within the structure
(Warscheid and Braams, 2000). The
discoloured/stained areas produced on the
surface absorb more solar radiation, resulting
in an increase in surface temperature (Garty,
1990). A temperature or thermal gradient
induces physical stress through expansion and
contraction (Warscheid, 2000). The presence
of cyanobacterial biofilms on exposed stone
surfaces may facilitate the accumulation of
airborne contaminants (Steiger et al., 1993;
Witteburg, 1994). Some of the accumulated
contaminants may serve as a nutrient source
for microbial colonization (Nuhoglu et al.,
2006). EPS acts as a source of organic carbon
for the growth of heterotrophic microbes viz.
bacteria and fungi which also contribute to the
biodeterioration of lithic monuments and
temples.

Production of EPS, siderophores, or other
chelating agents and acid or alkaline secretion
by microorganisms are implicated in
bioweathering of natural stones and building
stones through chelating and solubilizing
effects on rock minerals (Gaylarde and
Gaylarde,1999; Ortega- Morales et al.,2000;
Wessels and Bidel, 1995). Due to its anionic
nature, EPS is able to bind/chelate cationic
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metals of minerals in lithic substrates (Welch
and Vandevivere, 1994; Rossi et al., 2012).

Conclusion

The extracellular polymeric substances (EPS)
produced by cyanobacteria are very important
for their survival on rock substrata, but have
deteriorating effects on natural stones or stone-
built monuments, temples and other structures.
Cyanobacteria are considered as an important
group of biodeteriogens of monuments,
temples and buildings. Being photoautotroph
and diazotrophs (in many cases), they have
simple growth requirements which make them
pioneer community in many habitats where
they grow and survive. The Extracellular
Polymeric Substances (EPS) produced by
cyanobacteria cause the weakening of the rock
substrata due to water retention, metal
chelation and pressure exertion due to volume
changes. EPS ensure the longer survival of
cyanobacteria under the adverse conditions on
exposed rock surfaces. EPS production
strategy of cyanobacteria to protect from
desiccation on rocks plays an important role in
the  biodeterioration of temples and
monuments. Monuments are priceless assets
that represent rich cultural and historical
legacy of a society and a country. They
represent human sensitivity, creativity, and
belief, and are important from cultural,
historical, archaeological and religious point
of view. Constructed from diverse materials,
including stones (such as sandstone, limestone,
marble and granite), bricks, concrete, and
mortars, they exhibit an array of sculptures,
styles and embellishments. Temples and
monuments are the heritage structures having
religious, cultural, historical and economic
significance. Globally, their deterioration/
biodeterioration is a matter of serious concern
for historians, scientists, environmentalists,
conservators and policy makers. Research
should be directed towards the development of
effective methods for the control of biological
weathering or biodeterioration caused by
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cyanobacteria and other organisms or by their
metabolic products.

Acknowledgment

The authors are thankful to the Principal, Pt.
L.M.S. Govt. Post-Graduate  College,
Rishikesh, for providing necessary
infrastructure and facilities. Rashmi Kala is
grateful to the Council of Scientific &
Industrial Research, New Delhi, India for
awarding Research Fellowship for doctoral
research.

References
Adhikary SP (2000) Epilithic cyanobacteria on
the exposed rocks and walls of temples

and monuments of India. Ind. J.
Microbiol. 40:67-81.
Adhikary SP and Kovacik L (2010)

Comparative analysis of cyanobacteria
and micro-algae in the biofilms on the
exterior of stone monuments in
Bratislava, Slovakia and in Bhubaneswar,
India. J. Indian Bot. Soc. 89(1&2):19-23.

Adhikary SP and Sahu JK (1998) UV-
protecting pigment of the terrestrial
cyanobacterium Tolypothrix byssoidea. J.
Plant Physiol. 153:770-773.

Anagnostidis K, Economou-Amilli A and
Rousomoustakaki M (1983) Epilithic and
chasmolithic microflora (Cyanophyta,
Bacillariophyta) from marbles of the
parthenon (Acropolis-Athens, Greece).
Nova Hedwig. 38: 227-287.

Bhavani B, Manoharan C and Vijayakumar S
(2013)  Studies on  diversity  of
cyanobacteria  from  temples and
monuments in India. Int. J. Env. Ecol.
Family Urban Stud. 3(1):21-32.

Bidel B (1999) Ecology and diversity of rock-
inhabiting cyanobacteria in tropical
regions. Eur. J. Phycol. 34:361-370.

Cecchi G, Pantani L, Raimondi V, Tomaselli
L, Lamenti G, Tiano P, and Chaiari R
(2000) Fluorescence lidar technique for

©SHARAD

177

DOI:https://doi.org/10.51220/jmr.v18i2.19 7 3.0\

remote sensing of stone monuments. J.
Cult. Herit. 1: 29-36.

Cheah YT and Chan DJ (2021) Physiology of
microalgal biofilm: a review on
prediction of adhesion on substrates.
Bioengineered 12(1):7577-7599.

Crispim AC, Gaylarde CC and Gaylarde MP
(2004) Biofilms on church walls in Porto
Alegre, RS, Brazil, with special attention
to cyanobacteria. Int.  Biodeterior.
Biodegrad. 54:121-124.

Crispim CA and Gaylarde CC (2005)
Cyanobacteria and biodeterioration of
cultural heritage: a review. Microb. Ecol.
49:1-9.

Crispim CA, Gaylarde PM and Gaylarde CC
(2003) Algal and cyanobacterial biofilms
on calcareous historic buildings. Curr.
Microbiol. 46:79-82.

Crispim CA, Gaylarde PM, Gaylarde CC and
Nielan BA  (2006)  Deteriogenic
cyanobacteria on historic buildings in
Brazil detected by culture and molecular
techniques. Int. Biodeterior. Biodegrad.
57:239-243.

De Philippis R and Vincenzini M (1998)
Exocellular polysaccharides from
cyanobacteria and  their  possible
applications. FEMS Microbiol.Rev. 22:
151-175.

De Philippis R and Vincenzini M (2003)
Outermost polysaccharidic investments of
cyanobacteria: nature, significance and
possible applications. Recent Res. Dev.
Microbiol. 7:13-22.

Decho AW (1990) Microbial exopolymer
secretions in ocean environments: their
role(s) in food webs and marine
processes. Oceanogr. Mar. Biol. 28: 73-
153.

Donlan RM and Costerton JW (2002) Biofilm:
survival mechanisms  of clinically
relevant microorganisms. Clin.
Microbiol. Rev. 15(2): 167-193.

Donlan RM (2002) Biofilms: microbial life on
surfaces. Emerg. Infect. Dis. 8: 881-890.

WoS Indexing


https://doi.org/10.51220/jmr.v18i2.19
http://jmr.sharadpauri.org/
https://mjl.clarivate.com/search-results?issn=0974-3030

J. Mountain Res. P-ISSN: 0974-3030, E-ISSN: 2582-5011
Vol. 18(2), (2023), 173-180

Erguler ZA and Ulusay R (2009) Water-
induced  variations in  mechanical
properties of clay-bearing rocks. Int. J.
Rock Mech. Min. Sci. 46(2): 355-370.

Flemming HC, Wingender J, Griebe T and
Mayer C (2000) Physiological properties
of biofilm. In: Evans LV (Ed.) Biofilm:
Recent Advances in their study and
control. CRC Press, pp. 20.

Friedmann E (1971) Light and scanning
electron microscopy of the endolithic
desert algal habitat. Phycologia 10: 411-
28

Garcia-Pichel F and Castenholz RW (1991)
Characterization and biological
implications of scytonemin, a
cyanobacterial sheath pigment. J. Phycol.
27:395-409.

Garty J (1990) Influence of epilithic
microorganisms ~ on  the  surface
temperature of building walls. Can. J.
Bot. 68:1349-1353.

Gaylarde CC (2020) Influence of environment
on microbial colonization of historic
stone buildings with emphasis on
cyanobacteria. Heritage 3:1469-1482.

Gaylarde CC and Morton LHG (1999)
Deteriogenic biofilms on buildings and

their control: A review. Biofouling
14(1):59-74.
Gaylarde CC, Ortega-Morales BO and

Bartolo-Perez P (2007) Biogenic black
crusts on buildings in unpolluted
environments. Curr. Microbiol. 54:162—
166.

Gaylarde CC, Rodriguez CH, Navarro-Noya
YE and Ortega-Morales BO (2012)
Microbial biofilms on the sandstone
monuments of the angkor wat complex,
Cambodia. Curr. Microbiol. 64(2):85-92.

Gaylarde CC, Silva MR and Warscheid Th
(2003) Microbial impact on building
materials: an overview. Mater. Struct. 36:
342-352.

Gaylarde PM and Gaylarde CC (1999) Algae
and cyanobacteria on painted surfaces in

©SHARAD

178

DOI:https://doi.org/10.51220/jmr.v18i2.19 7 3.0\

southern Brazil. Revista de Microbiologia
30: 209-213.

Golubic S (1973) The relationship between
blue-green algae and carbonate deposits.
In: Carr NG and Whitton BA (Eds.) The
Biology of Blue-green algae, Blackwell
Scientific Publications, London, pp. 434-
72.
Gorbushina AA (2007) Life on the rocks.
Environ. Microbiol. 9(7): 1613-1631.
Guillitte O and Dreesen RE (1995) Laboratory
chamber studies and petrographical
analysis as bioreceptivity assessment
tools of building materials. Sci Total
Environ. 167: 365-374.

Hall C, Hamilton A, Hoff WD, Viles HA and
Eklund JA (2011) Moisture dynamics in
walls: response to micro-environment and

climate change. Proc. R. Soc. A.
467:194-211.
Hawkins AB and McConnell BJ (1992)

Sensitivity of sandstone strength and
deformability to changes in moisture
content. Q. Eng. Geol. 25: 115-130.

Jagg O (1945) Investigations on the vegetation
and biology of the algae of the bare rock
in the Alps, in the Jura and in Swiss
Mittelland Kryptog Flora Schweiz, 9: 8-
560.

John DM (1988) Algal growths on buildings: a
general review and methods of treatment.
Biodeterior. Abstr. 2:81-102.

Keshari N and Adhikary SP (2013)
Characterization of cyanobacteria isolated
from biofilms on stone monuments at
Santiniketan, India. Biofouling 29(5):

525-536.
Knowles EJ and Castenholz RW (2008) Effect
of exogenous extracellular

polysaccharides on the desiccation and
freezing tolerance of rock-inhabiting
phototrophic  microorganisms. FEMS
Microbiol. Ecol. 66:261-270.

Kovacik L (2000) Cyanobacteria and algae as
agents of biodeterioration of stone
substrata of historical buildings and other

WoS Indexing


https://doi.org/10.51220/jmr.v18i2.19
http://jmr.sharadpauri.org/
https://mjl.clarivate.com/search-results?issn=0974-3030

J. Mountain Res. P-ISSN: 0974-3030, E-ISSN: 2582-5011
Vol. 18(2), (2023), 173-180

cultural monuments. In: Choi S. et Suh

M. (Eds.), Proceedings of the New
Millennium  International Forum on
Conservation of Cultural Property,

Daejeon, Korea, December 5-8, 2000,
Kongju National University, Kongju,
Korea, pp. 44 —58.

Kumar D, Kastanek P and Adhikary SP (2018)
Exopolysaccharides from cyanobacteria
and microalgae and their commercial
application. Curr. Science 115 (2): 234-
241.

Macedo MF, Miller AZ, Dionisio A and Saiz-
Jimenez C (2009) Biodiversity of
cyanobacteria and green algae on
monuments in the Mediterranean Basin:
an overview. Microbiology 155: 3476-
3490.

Mandal S and Rath J (2012) Algal
colonization and its ecophysiology on the
fine sculptures of Terracota monuments
of Bishnupur, West Bengal, India. Int.
Biodeterior. Biodegrad. 84:291-299.

Nuhoglu Y, Oguz E, Uslu H, Ozbek A,
Ipekoglu B, Ocak | and Hasenekoglu |
(2006) The accelerating effects of the
microorganisms on biodeterioration of
stone monuments under air pollution and
continental cold climatic conditions in
Erzurum, Turkey. Sci. Tot. Environ. 364:
272-283.

Ortega-Morales O, Guezennec J, Hernandez-
Duque G, Gaylarde CC and Gaylarde PM
(2000) Phototrophic biofilms on ancient
Mayan buildings in Yucatan, Mexico.
Curr. Microbiol. 40:81-85.

Pandey VD (2011) Epilithic cyanobacteria
occurring on the temples of Uttarakhand,
India. Plant Arch.11(2):1057-1060.

Potts M (1994) Desiccation tolerance of
prokaryotes. Microbiol. Rev. 58:755-805.

Potts M (1999) Mechanisms of desiccation
tolerance in cyanobacteria. Eur. J. Phycol.
34:319-328.

©SHARAD

179

DOI:https://doi.org/10.51220/jmr.v18i2.19 7 3.0\

Potts M (2004) Nudist colonies: a revealing
glimpse of cyanobacterial extracellular
polysaccharide. J. Phycol. 40:1-3.

Pradhan P, Bhattacharyya S, Deep PR, Sahu
JK and Nayak B (2018) Biodiversity of
cyanoprokaryota from monuments of
western Odisha, India-1 (Chroococales
and Stigonematales). Phykos. 48(1):58-
66.

Rossi F and De Philippis R (2015) Role of
cyanobacterial  exopolysaccharides in
phototrophic biofilms and in complex
microbial mats. Life 5:1218-1238.

Rossi F, Micheletti E, Bruno L, Adhikary SP,
Albertano P and De Philippis R (2012)
Characteristics and role of the exocellular
polysaccharides produced by five
cyanobacteria isolated from phototrophic
biofilms growing on stone monuments.
Biofouling 28(2):215-224.

Samad LK and Adhikary SP (2008) Diversity

of micro-algae and cyanobacteria on

building facades and monuments in India.

Algae 23(2):91-114.

LJ (2000) Cyanobacterial mats and
stromatolites. In: Whitton BA and Potts
M (Eds.), The Ecology of Cyanobacteria.
Kluwer Academic Publishers, Dordrecht,
The Netherlands pp. 61-120.

Steiger M, Wolf F and Dannecker W (1993)
Deposition and enrichment of
atmospheric pollutants on building stones
as determined by field exposure
experiments. In:  Thiel MJ (Ed.)
Conservation of Stone and other
Materials, vol 1. E & FN Spon, London,

Stal

pp. 35-42.
Sutherland " (2001) Microbial
polysaccharides  from  gram-negative

bacteria. Int. Dairy J. 11:663-674.
Tamaru Y, Takani Y, Yoshida T and
Sakamoto T (2005) Crucial role of
extracellular polysaccharides in
desiccation and freezing tolerance in the
terrestrial cyanobacterium Nostoc

WoS Indexing


https://doi.org/10.51220/jmr.v18i2.19
http://jmr.sharadpauri.org/
https://mjl.clarivate.com/search-results?issn=0974-3030

7 N

J. Mountain Res. P-ISSN: 0974-3030, E-ISSN: 2582-5011 DOIl:https://doi.org/10.51220/jmr.v18i2.19 -\
Vol. 18(2), (2023), 173-180 N

commune. Appl. Environ. Microbiol.
71(11): 7327-7333.

Tripathy P, Roy A, Anand N and Adhikary SP
(1999) Blue green algal flora on the rock
surface of temples and monuments of
India. Feddes Repert.110:133-144.

Véséarhelyi, B and Van P (2006) Influence of
water content on the strength of rock.
Eng. Geol. 84 (2006):70-74.

Viles HA (1987) Blue-green algae and
terrestrial  limestone  weathering on
Aldabra atoll: An SEM and light
microscope study. Earth Surf. Processes
Landforms 12: 319-30.

Warscheid T and Braams J (2000)
Biodeterioration of stone: a review. Int.
Biodeterior. Biodegrad. 46:343.

Warscheid Th (2000) Integrated concepts for
the protection of cultural artifacts against
biodeterioration. In: Ciferri O, Tiano P
and Mastromei G (Eds.), Of Microbes
and Art: The Role of Microbial
Communities in the Degradation and
Protection of Cultural Heritage. Kluwer
Academic Publishers, Dordrecht, pp.
185-202.

Welch SA and Vandevivere P (1994) Effect of
microbial and other naturally occurring
polymers on  mineral  dissolution.
Geomicrobiol. J. 12: 227-238.

Wessels DCJ and Biidel B (1995) Epilithic and
cryptoendolithic cyanobacteria of Clarens
sandstone cliffs in the Golden Gate
Highlands National Park, South Africa.
Botan. Acta 108:220-226.

Witteburg C (1994) Trickene Schadgas und
Partikeldeposition ~ auf  verschidene
Sandsteinvarietdten  unter  besonderer

Beticksichtigung atlosphérischer
EinfluBgrében. PhD thesis, Hamburg
*Kkkkkk

©SHARAD 180 WoS Indexing


https://doi.org/10.51220/jmr.v18i2.19
http://jmr.sharadpauri.org/
https://mjl.clarivate.com/search-results?issn=0974-3030

